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1
MEGASONIC PLATING SYSTEM

BACKGROUND OF THE INVENTION

This 1nvention relates to wet-process plating cells and
equipment, and 1s more particularly directed to an improved
plating cell for electroless plating 1 which megasonic
energy 1s applied to the solution 1n the plating cell, and 1n
which the workpieces or substrates are rotated during the
plating process to achieve a uniform deposition of the plated
material.

In a typical electroless process, e.g., for copper plating a
silicon wafer, the plating solution 1s circulated through the
plating cell and a number of silicon waters are held in place
in a carrier or boat 1n the plating cell. The boat 1s grooved
internally to hold the wafers by their edges with a space
between them. During the process, the boat and wafers are
held still, and the solution circulates around them. Fresh
solution 1s introduced 1nto the plating cell through a sparger,
and excess solution spills over the top wall 1nto a catch. The
solution 1s then piped back to a fluid conditioning tank,
where the solution 1s filtered and 1ts temperature 1s adjusted.
Fresh chemicals are added, according to the dictates of the

process chemistry. Then the solution 1s returned to the
sparger. Irregularities and inhomogeneities are inevitable in
the flow path of the fluid past the workpieces. These can lead
to high or low spots 1 the copper plating. However, for
precision high-density semiconductor work, extreme flat-
ness 1s needed 1n each plating layer, including any copper or
other metallic layers.

Megasonics have been employed in connection with
semiconductor wafter processing, but only 1n connection
with cleaning of the wafers prior to plating or etching.
Several megasonic devices have been proposed for this
purpose, and some of these have been made the subject of
U.S. patents.

Shwartzman et al. U.S. Pat. No. 4,118,649 relates to a

transducer assembly for producing acoustic energy at
megasonic frequencies, 1.€., from about 0.2 MHz to about 5
MHz, and applying the megasonic energy to a cleaning tank.
Guldi et al. U.S. Pat. No. 5,520,205 and Bran U.S. Pat. No.
5,365,960 each relate to a megasonic leaning assembly for
cleaning semiconductor wafers in a cleaning tank. The
walers are held on a carrier or boat in the cleaning tank. In
cach case, the megasonic energy 1s used to loosen material
from the surface of the wafers, and 1t apparently did not
occur to any of the inventors involved with the above-
mentioned patents to apply megasonic energy for the oppo-
site purpose, namely, to assist 1n depositing material on the
surface of the wafers.

In addition, in each instance of megasonic cleaning, the
carrier or boat 1s held static in the cleaning tank during a
megasonic cleaning operation.

In a metal plating technique, flow regime for the plating
solution within the tank or cell 1s crucial for successiul
operation. Flow regime 1s affected by such factors as tank
design, fluid movement within the process vessel, distribu-
tion of fluid within the vessel and at the zone of introduction
of the solution 1nto the vessel, and the uniformity of flow of
the fluid as 1t 1s contacts and flows across the waler or other
substrate. However, optimal sparger design can only achieve
a limited increase 1n flatness of metallization, because of
other factors affecting the flow, especially within the con-
fines of the boat or carrier.

OBIJECTS AND SUMMARY OF THE
INVENTION

It 1s an object of the this invention to improve the flow
regime of a plating cell, and 1n particular to permit the
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plating process to achieve coatings of high uniformity across
the surface of a substrate.

It 1s a further object to 1mprove a plating process by
applying megasonic energy to the plating solution 1n the cell
during a plating operation.

It 1s another object to improve the plating process by

rotating the carrier and substrates within it during the plating
Process.

In accordance with an aspect of the present invention, an
clectro-less plating cell 1s provided for plating one or more
substrates, €.g., silicon walfers, with a metal layer. A sparger
or equivalent injection means introduces the electroless
plating solution 1nto the plating cell, in which the substrate
to be plated 1s submerged 1n the solution. The sparger
initiates a laminar flow of the plating solution, which tlows
across the surface of the substrate to be plated, and then rises
up and spills over a spillway into a catch basin or the like.
From here, the solution 1s returned for refreshing, filtration,
and temperature management. A megasonic transducer adja-
cent the floor of the plating cell applies megasonic energy at
a frequency of about 0.2 to 5 MHz to the solution. The

frequency can be above 1 MHz, and 1n some cases above 5
MHz.

The flow regime 1s further improved by rotating the
silicon waters. This 1s achieved by placing the carrier or boat
on a rotary mount that rotates, e.g. at 45-50 RPM. This
arrangement avoids regions of dead flow within the carrier,
and results 1n uniformity of the metallization thickness and
quality.

The plating arrangement can also include a rapid drain
feature for removing the solution within a few seconds from
the plating cell at the end of a plating operation. This can
comprise a large drain tube, ¢.g., one-and-one-half inch
diameter, opening to the bottom of the plating cell. In
addition, an overhead rinse arrangement 1s also provided,
comprising a pair of parallel tubes with sprinkler nozzles or
heads disposed along their length. These features combine to
terminate the plating operation rapidly when the plating
operation has reached completion.

The plating arrangement for wet plating a substrate,
comprises a plating cell that contains a solution in which the
substrate 1s 1mmersed; sparger means in the plating cell
adapted to introduce the solution into the cell; spillover
means on the cell that permits the solution to spill over from
the cell into a fluid return that 1s adapted to carry away the
solution from the cell; carrier means for holding the sub-
strate 1n the cell below the spillover means; fluid condition-
ing means coupled between the return and the sparger means
to remove any particulate matter from the solution, condi-
tion the solution, and return the solution through a conduit
to said sparger means; rotary means disposed in said bath
and holding the carrier to rotate said carrier about an axis
thereof; and megasonic transducer means in communication
with the plating cell for applying to the solution in the cell
acoustic energy at a megasonic frequency. In a preferred
embodiment, an electroless plating system serves as the
plating solution, and the fluid conditioning means includes
make up means for adding electroless plating ingredients to
the plating system to keep the plating solution properly 1n
balance. Preferably the spillover means on the plating cell
includes a succession of triangular teeth disposed along an
upper edge of said plating cell. The triangular teeth may
continue along the entire periphery of said upper edge of the
plating cell.

The wafer carrier boat has a series of grooves for holding,
a plurality of substrate disks spaced from one another. A
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hinged Iid closes over the top to retain the substrate disks in
the carrier boat even when inverted. The carrier boat can be
rotated continuously or can be rocked back and forth over a
rotational arc of less than 360 degrees.

The above and many other objects, features, and advan-
tages of the invention will become apparent from the ensu-
ing description of a preferred embodiment thereof, which
should be read 1n conjunction with the accompanying Draw-
Ing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1, formed of FIGS. 1A and 1B, i1s a schematic

diagram of a plating cell and reservoir assembly according
to one embodiment of the present invention.

FIGS. 2 and 3 are a front elevation and a perspective view,
respectively, of the plating cell illustrating the megasonic
transducer and rotation feature, according to this embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference to FIGS. 1 to 3 of the Drawing, an
clectroless plating assembly 10 for metallizing silicon
walers or stmilar articles 1s shown to comprise a plating cell
12, formed of a suitable chemically neutral material, e.g.
polypropylene. The cell has a generally rectangular tank 14
with an open top and with a sparger or spargers 16 disposed
at the bottom. The spargers generate a generally laminar,
upward flow of liquid in the tank 14. The solution spills out
over a spillway 18 formed at the top of the tank 14. The
spillway comprises a row of triangular serrations or teeth
which extend over the entire upper periphery of the tank. An
annular catch or trough 20 surrounds the spillway 18 and
tank 14, to receive the flow of solution escaping over the

spillway. There 1s at least one drain tube 22 positioned on the
catch 20.

A generally rectangular, elongated transducer 24 1s situ-
ated 1n the base or bottom of the tank 14 at about the center
and extending from a front end to a rear end. This transducer
24 1s adapted for generating megasonic acoustic energy
which 1s applied to the solution within the tank 14. A
variable frequency generator 26 applies a variable frequency
signal to the transducer 24 at a frequency 1n the megasonic
range, that 1s, between about 200 KHz and about 5 MHz.
The generator 26 can apply a steady signal at a single
frequency, a signal that alternates between two frequencies,
or a signal that sweeps across a broad band of frequencies,
depending on the plating process. There 1s also a nitrogen
purge supply for applying nitrogen gas to the transducer.

A reservoir or solution holding tank 30 holds a supply of
the electro-less plating solution, and a supply line 32 leads
from the tank 30. A pump 34 propels the solution through the
line 32, through a particle trap 36 and a flow sensor 38, to
a feed line 40 that supplies fresh solution to the spargers 16.
At a three-way valve 42 connected to the drain 22, a return
line 44 returns the solution from the plating cell 12 to the
reservolr holding tank 30.

At the tank 30, a temperature sensor 46 senses the
temperature of the solution and signals a temperature con-
troller 48. The controller operates a heat supply 50 that sends
heat at a controlled rate to a heat exchanger coil 52 within
the holding tank 30. The controller also operates a cooling
system 54, which supplies a coolant fluid to a cooling heat
exchanger coil 56 within the tank 30. A first make-up
injector means 38 and a second make-up 1njector means 59
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blend 1n additive components A and B, respectively, into the
solution 1n the tank 30, as needed. The solution 1n the tank
30 1s thus kept at a controlled temperature and blend, and 1s

filtered before being returned, through the spargers 16, into
the tank 14.

A deilonized water source 60 1s coupled to a particulate
trap 62 and then to a feed line 64 to supply de-1onized water
to a pair of spray tubes 66. These spray tubes 66 arc
positioned above the top of the tank 14 and are in parallel
with each other on either side of the axis of the tank 14. The
spray tubes 66 arc each provided with a row of spray nozzles
or outlets along the length of the tubes 66.

As shown 1n FIG. 2, the spargers 16 each have a row of
through holes parallel to one another and oriented generally
towards the axis of the tank 14, so as to generate a generally
laminar flow of the solution. Here, the spargers have a single
row of holes but in practice there could be two or more
parallel rows.

The cell 12, reservoir 30, and various pipes and lines are
formed of polypropylene, or of another suitable corrosion-
resistant material. The material should also be selected to be
casy to clean after an electroless plating operation.

A rapid drain 68 1s disposed at the bottom of the plating
tank 14 for rapidly draining the solution from the tank at the
end of a plating operation. This can be a pipe of relatively
large diameter, here about one and one-half 1nches, so that
all of the liquid in the tank can be drained away in a few
seconds. The drain 68 connects to a three-way valve 70,

leading alternatively to a common drain and to the return
conduit 44.

Within the tank 14 1s positioned a carrier 72 or “boat” for
holding a series of workpieces, which 1n this embodiment
are semiconductor wafers 74 in the form of disks. The carrier
1s open at 1ts top, and has a series of grooves such that the
walers can be positioned 1n spaced relation and held 1n place
by their edges. The carrier 72 1s open over much of its body,
to permit substantially free tlow of liquids past the wafers
74. A closure 76 1s provided, hinged at one side of the carrier
72, to hold the wafers 74 1n place when the carrier is
inverted. The closure 76 has a central grooved bar that fits
the edges of the wafers.

Rotary means 80 are fitted onto the cell 12, here shown as
a rotary drive with a belt connected to a shaft 82 that passes
through sealed bearings in the walls of the cell 14 and catch
20. There 1s a front claw or gripper 84 on the shaft 82, and
this gripper grips and holds the carrier or boat 72 at 1ts front
end. A rear claw or gripper, pivotally journalled 1n the rear
wall of the cell 12, similarly grips the rear end of the carrier
72. The specific configuration of the claws 84, 86 and the
rotary drive 80 is not critical to this invention, and these
means can be adapted to the specific application and to
match the associated carrier. Alternatively, the rotary means
80 can be fluud powered using the solution flow to the
Spargers.

The rotary means 80 1s here adapted for continuous rotary
operation, 1.€., to rotate the carrier 72 and its waters 84 at
about 45 to 60 r.p.m. However, the rotary means could be
adapted to a different rotation speed, as necessary to the
particular plating operation. As an alternative, the rotary
means could be adapted to rotate partially, or rock the carrier
72 through a limited arc, e.g., 90 degrees to 120 degrees.

The plating arrangement as shown here can be used for
clectroless plating of copper onto silicon wafers, but the
arrangement 1s not limited to that. This mmvention can be
employed for depositing other metals, or even composites or
non-metals, onto substrates of silicon or other materials.
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The operation of this plating arrangement 10 can be
described briefly as follows. The disks or waters 74 are
arranged 1n the respective slots 1n the carrier or boat 82, and
are subjected to any necessary preparatory steps, €.g., a
cleaning operation. The latter may also employ megasonics,
as 1n the above-identified patents. Then the carrier 72 1s
placed 1n the tank 14 and is secured between the front and

rear claws 84 and 86. A lid or cover 90 (FIG. 2) is then
secured over the top of the process cell 12. The electroless
plating solution 1s supplied from the reservoir 30 to the
spargers 16 and 1s introduced into the tank 14, which fills to
the level of the saw-tooth spillway 18. The solution 1is
supplied continuously, so that there 1s a continuous upward
flow of the solution through and past the wafers 74. The
process continues for a prescribed length of time. During
this time, the frequency generator 26 supplies a megasonic
signal to the transducer 24, which creates megasonic waves
in the solution 1n the tank. The rotary means 80 rotates the
carrier 72 about 1ts linear axis at a suitable speed, e.g. 45
r.p.m. These effects combine to create a plated copper layer
of uniform thickness and quality on each of the wafers 74.

At the end of the plating period, the megasonic transducer
1s turned off, and the supply line 1s turned off to stop the
supply of fresh solution to the spargers 16. Valve 70 1is
opened to drain away the solution through the rapid drain 68.
At this time, the valve sends the solution to the reservoir 30
via the line 44. The contents of the tank 14 are drained out
in a few seconds. Then the de-1onized water supply 1s turned
on, and the tubes 66 spray clean, de-1onized water onto the
walers 74. This action rinses any residual plating solution
from the wafers. The rinse water then proceeds out the drain
68 to the valve 70 which 1s now switched to the common
drain.

Then the boat or carrier 74 1s removed, and the wafers
subjected to the next process step.

It should be appreciated that the reservoir 30 and associ-
ated process management equipment can be employed 1n
common with a numnber of plating cells. In addition, the
plating cell 12 can be connected to a number of plating,
reservolrs, each containing a different plating solution asso-
ciated with different process steps.

While this invention has been described 1n detail with
reference to a preferred embodiment, 1t should be recognized
that the invention 1s not limited to that embodiment. Rather,
many modifications and variations will become apparent to
persons of skill 1in this art without departing from the scope
and spirit of the invention, as defined in the appended
claims.

What 1s claimed 1s:

1. A plating arrangement for wet plating a substrate,
comprising a plating cell that contains a plating solution in
which said substrate 1s immersed for electrodes plating of
said substrate with a metal layer; sparger means the said
plating cell adapted to introduce the solution into said
plating cell; spillover means on said plating cell that permits
the solution to spill over from said plating cell into a fluid
return that 1s adapted to carry away the solution from said
plating cell; carrier means for holding said substrate 1n the
cell below the spillover means; fluid conditioning means
coupled between the return and the sparger means to remove
any particulate matter from said solution, condition the
solution, and return the solution through a conduit to said
sparger means; rotary means disposed in said plating cell
and holding said carrier means to rotate the same about an
ax1s thereof; and megasonic transducer means 1n communi-
cation with said plating cell for applying to the solution in
said cell acoustic energy at a megasonic frequency; wherein
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said fluid conditioning means includes make up means for
adding electroless plating ingredients to said plating cell to
keep the plating ingredients in the solution properly in
balance.

2. The plating arrangement of claim 1 wherein said
spillover means includes a succession of triangular teeth
disposed along an upper edge of said plating cell.

3. The plating arrangement of claim 2 wherein said
triangular teeth are disposed continuously along an entire
periphery of said upper edge of said plating cell.

4. The plating arrangement of claim 1 wherein said rotary
means 1ncludes means for continuously rotating said carrier
means 1n said plating cell during a plating operation.

5. The plating arrangement of claim 1 wherein said
megasonic transducer means includes an elongated trans-
ducer member disposed at a base of said plating cell and
parallel to the axis of said carrier means.

6. The plating arrangement of claim 1 wherein said
megasonic frequency 1s about 500 KHz or above.

7. The plating arrangement of claim 6 wherein said
megasonic frequency 1s about 1 MHz or above.

8. The plating arrangement of claim 1 wherein said cell
includes rapid drain means for draining the solution from
said plating cell within a drain period of about ten seconds
or less.

9. The plating arrangement of claim 8 wherein said rapid
drain means includes a drain pipe having a diameter of at
least about 1Y% inches.

10. The plating arrangement of claim 1 further comprising
rinse means disposed above said plating cell for spraying
said substrates with a rinsing fluid.

11. The plating arrangement of claim 10 wheremn said
rinse means 1ncludes at least one spray mechanism disposed
above said carrier 1n said plating cell, and means supplying
said spray mechanism with said rinsing fluid.

12. The plating arrangement of claim 11 wherein said at
least one spray mechanism includes a pair of spray tubes
disposed over said carrier and on opposite sides of said axis,
with each tube having a plurality of spray nozzles along its
length.

13. The plating arrangement of claam 1 wheremn said
sparger means 1ncludes a pair of spargers disposed parallel
to the axis of said carrier, and each having a plurality of
injection openings disposed along its length.

14. A plating arrangement for wet plating a substrate,
comprising a plating cell that contains a solution in which
said substrate 1s immersed; sparger means 1n the cell adapted
to 1introduce the solution into the cell; spillover means on the
cell that permits the solution to spill over from the cell mnto
a fluid return that 1s adapted to carry away the solution from
the cell; carrier means for holding the substrate in the cell
below the spillover means; fluid conditioning means
coupled between the return and the sparser means to remove
any particulate matter from the solution, condition the
solution, and return the solution through a conduit to said
sparser means; rotary means disposed 1n the cell and holding
said carrier means to rotate the same about an axis thereof;
and megasonic transducer means 1n communication with the
cell for applying to the solution in the cell acoustic energy
at a megasonic frequency, wherein said carrier means
includes a waler carrier boat having a series of grooves for
holding a plurality of substrate disks separated from one
another, and which has an open top; and means closing over
said top to retain said substrate disks in said carrier boat
when said carrier means 1s inverted.

15. A plating arrangement for wet plating a substrate,
comprising a plating cell that contains a solution in which
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said substrate 1s 1mmersed; sparser means 1n the plating cell
adapted to itroduce the solution into the plating cell;
spillover means on the plating cell that permits the solution
to spill over from the plating cell into a fluid return that 1s
adapted to carry away the solution from the plating cell;
carrier means for holding the substrate in the cell below the
spillover means; fluid conditioning means coupled between
the return and the sparger means to remove any particulate
matter from the solution, condition the solution, and return
the solution through a conduit to said sparger means: rotary
means disposed 1n the plating cell and holding said carrier
means to rotate the same about an axis thereof; and megas-
onic transducer means 1 communication with the plating
cell for applying to the solution 1n the plating cell acoustic
energy at a megasonic frequency; wherein said rotary means
includes means for rocking said carrier means in the plating
cell during a plating operation.

16. A plating arrangement for wet plating a substrate,
comprising a plating cell that contains a plating solution in
which said substrate 1s immersed for plating with a metal
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layer; sparger means 1n the cell adapted to mtroduce the
solution 1nto the cell; spillover means on the cell that permits
the solution to spill over from the cell into a fluid return that
1s adapted to carry away the solution from the cell; carrier
means for holding the substrate i1n the cell below the
spillover means; fluid conditioning means coupled between
the return and the sparger means to remove any particulate
matter from the solution, condition the solution, and return
the solution through a conduit to said sparger means; means
disposed 1n said bath and holding said carrier 1n the cell; and
megasonic transducer means 1n communication with the cell
for applying to the solution in said cell acoustic energy at a
megasonic frequency.

17. The plating arrangement of claim 16 wherein said

megasonic frequency 1s about 500 KHz or above.
18. The plating arrangement of claim 17 wherein said
megasonic frequency 1s about 1 MHz or above.
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